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Abstract
Persistent hepatitis B virus (HBV) infection is 
closely related to chronic hepatitis, cirrhosis 
and liver cancer. China is a country with a high 
prevalence of HBV infection, where the infection 
rate is up to 60%-70%, bringing great threat and 
harm to public health. What’s worse is that HBV 
infection is the main etiology factor of primary 
hepatocellular carcinoma (HCC). However, the 
underlying mechanisms of virus-induced tumor 
formation remain controversial. Numerous 
studies indicate that HBV X protein (HBx) plays 
a prominent role in HBV-induced liver cell 
damage, hepatitis, liver fibrosis and malignant 
transformation, and is related to liver cancer 
induced by environmental exposure factors. As a 
multifunctional regulatory protein, HBx regulates 
a variety of cell signal transduction pathways, 
including the endoplasmic reticulum (ER) stress 
response. ER stress refers to the dysfunction 
of the ER, and misfolded or unfolded proteins 
gather in the ER. It is noteworthy that the 
expression of HBx can induce or effect ER stress, 
although the molecular mechanism remains 
unclear. This review summarizes the role of HBx 
in ER stress pathways, providing clues for the 
liver injury induced by HBV infection. 
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??? ?
??????(hepatitis B virus, HBV)???
?????????, ?????????
????????. ??????????
???, ????????????. ???
???3.5?HBV???, ???60????
HBV?????????????????
???(hepatocellular carcinoma, HCC)[1]. ?
????? [2]?????, HBV?????
???50%?HCC????HBV?????
70%-80%?HCC??. ??????HBV?
?????????????????, ??
?????????, ??????????
?????????????. ??????
HBV?????????????????
????????????????HBV?
??????. ?HBV?????, ?HBV?
X??(HBV X protein, HBx), ???????
????????HBV?????????
????????[3]. HBx????????
???, ????????????????
?????????????DNA????
?????????????(endoplasmic 
reticulum, ER)????????????, ?
?????????????????, ??
????[4]. 
ER????????????????
?, ????????????, ??????
?????????????. ???ER?
???????????, ?ER?????
??????????????????, ?
???????????, ????????
?. ER?????????????????
???, ????????????????. 
??, ???HBx?ER??????????
???. ????????, ???HBx???
???????, ??HBx???????ER
???????, ??HBx??ER???HBV
?????????????, ???HBx?
??HBV??HCC???????????
HBx??ER???????????. 
??????????
HBV?????????????????
???. HBV???DNA???, ??3.2 kb
??????DNA?????, ??????
????. HBV?????4???????
??(open reading frame, ORF), ????S?
C?P?X?, ????HBV????(hepatitis 
B surface antigen, HBsAg)?????(hepatitis 
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B core antigen, HBcAg)??????(HBV-
associated DNA polymerase, DNAP)?HBx?
?[5]. HBV?????????HCC???, 
?????????HBV????????
???????????, ????????
?????????. ??????????
?????????????, ??????
???????????????????
??, HBV DNA????????????
???, ????????????????
?miRNA?????????????HBx
?HBs???????????. ??HBx?
??HBx???HBV???????ORF, ?
HBV???????, ??1374-1838???
?, ??438-465 bp, ??????????
17.5 kDa, ?145-154????????, HBx
?????????????????[6]. ?
????????HBx?????????, 
?????????DNA????????
???. HBx???HBV????????
???, ?????????HCC????
??????. ?HBV????, ?????
????, ???DNA?????, ????
?????, ??????????????
????, ???????????????
??DNA, ??????, HBx??????
??????, ??????, ??????
????????????????, ???
HBV??????????????[7]. ??
??????????HBx???HBV??
?HCC????????. ??, HBx?HCC
??????????????, ?????
?HBV???HCC??????????, ?
??????????. ???, ?????
???, ?HBx???????, ?????
??????[8,9]. ???HBx???????
?, HBx???HBV???????????
?HCC???[10]. ?HBx????????, 
???????????????????
???, ??????????10?????
?????[11,12]. ??????, ??????
???HBx???????[13], ??????
HBV???HCC???, HBV??????
?????HBx??????????, ??
???????HBx??????????
?, ??HBx???????????[14]. ?
???, HBx?????????????
?. ?????????????, ??HBV
????????????B1(aflatoxin B1, 
AFB1)???HCC???????????
????. ??HBV?????, ?????
?AFB1, ?????3.5?HCC????[15,16]. 
?????????HBx?AFB1?????
??, ?AFB1???????????HCC?
???13.3%, ??HBx????????AFB1
?HCC?????44.8%[17]. ??????[15], ?
??????????????(hepatic oval 
cell, HOC), ??HBx??????????
????, ??AFB1??????????
???16.7%. ??HBx??????, HBx
????????????, ??????
?????HCC????, ??HBx???
???????????HBV????HCC
????????. 
?????HBV??????????
???, ????????????????, 
?????????HBV?????[18]. HBx
???????, ??HBx????????
?????, ???HBx?????HBV??
HCC???????????, ??HBx??
??ER???????????????. 
????????????
ER????????????, ?????
???????????????????
????????. ???????????, 
???????????????????
???????????????????
??, ?????????????????
ER??, ??ER???, ?????????
(unfolded protein response, UPR), ?????
??ER??[19]. 
???ER?????, ???????
1(inositol requiring enzyme-1, IRE-1)?RNA
?????????????(PKR-like ER 
kinase, PERK)????????6(activating 
transcription factor-6, ATF-6)????????
????[19]. ??????????????
?ER?, PERK?GRP78?????, ????
??????????2(eukaryotic initiation 
???? ?? ?????????????????
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factor 2, eIF2)??????, ??????
???????????????????
4(activating transcription factor 4, ATF4)???, 
???????????????(C/EBP-
homologous protein, CHOP)?????[20]. ?
??IRE1??X?????1(XBP-1)mRNA
??????26???????, ?????
XBP-1??GRP78??, ??????ER??
??. ????PERK?ATF6?IRE1??, ?
?????????ER?????????
?mRNA??????????????ER
???????????????????
?????ER????????, ????
ER????????????. 
ER????????????????
???, ??????, ?????????
??????, ?????????????
??, ?????????????????
??????[21]. ??, ER????????
???, ???????????, ????
???????????????????
???[22]. ????, ??, UPR??????
?????????????(non alcoholic 
fatty liver disease, NAFLD)??. 
????????????????ER
????, ????????NAFLD????
????????, ???HBV?/?HCV??
???????ER??????[23,24]. 
?????????????????, 
ER???NAFLD???????????
?????????. ?????[25], ???
????????NAFLD???UPR??
???. ???????????????
JNK(Jun N-terminal kinase)???, ??JNK1
???????????????????
?. ??JNK?????ER????, ???
IRE1???[26]. ?????[27]??, NAFLD
????????, XBP-1????, ???
UPR?????????. 
????????????????, ?
????6 wk???????2 wk, ER???
???GRP78?GRP94?CHOP??????
???????[28]. ??????CHOP??
????, ????????CHOP????, 
?????????????, CHOP???
????[29]. ??????????????
???????, ??ER?????????
???????????UPR??????
???????. 
????????????????
?????????, ?????????
????UPR?BiP?CHOP???????
?? [30]. ???????????????
(glycodeoxycholicacid, GCDCA)??CHOP??
?????, ?????????. ?????
?????????????, CHOP????
?????, ???CHOP???????, ?
????????????????[31]. ??
?, ??????????????????
????, ?????????. 
HBV?HCV???????????, ?
????????ER??????????
?????, ???????????ER??
???, ????ER??. GRP78?GRP94?
HBV????/?????????????
??, ??ER?????HBV????/??
???????????????????, 
????ER??????????HBV??
??/??????????[32]. ??????
???????HBV???????, ???
???????????HBsAg?ER???
??????, ???????????. ?
?????, ??HBV??????ER??
???????????, ???ER???
?HBsAg???????????ER???
??????????????[33]. ???[34]
?HBsAg??????????????. ?
ML-1?HuH-7???, ???HBsAg????
?eIF2???, ???-B(nuclear factor-B, 
NF-B)????, ??p38????????
?(p38 mitogen-activated protein kinase, p38-
MAPK), ??????-2(cyclooxygenase-2, 
C O X-2)??? [35].  ??????????
??, ??????HBsAg??COX-2??
???[36]. ???????, ???HBsAg
????COX-2. ???????????
????H B V????????????
??????????E R???? .  ??
?? [23]U P R?????????????
??????????, ????NF-B?
???? ?? ?????????????????
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JNK??????-6(interleukin-6, IL-6)?
???????-(tumor necrosis factor , 
TNF-)???. ????HBV?/?HCV??
??GRP78?GRP94????????, ?
???????????E R??????
????. ?E R????, ????B??
???-2(Bcl-2)????????????
12(Caspase12)?????????????
??, ???????????????, ?
????[37,38]. 
????, ER???HCC???????
??, ER???????GRP78?GRP94??
?10???????????, ??HCC??
??????????, ?????????
???????????. ??, ?????
????UPR?????????????
????, UPR??IRE1/XBP1??????
????, ??UPR???????????
?????[39]. ??[40]??, ?HCC???, ?
?UPR???????(ATF6, XBP-1)???
?????????. ??ER???????
????(valosin)??p97, ??????HCC
?????[41]. 
????????????????
??HBV???????????????, 
??????????????????[38]; 
??HBV DNA????????????. 
Xu?[42]???HBV???????????
???????????????ER??, ?
????????. ???????, HBx?
???UPR????, ????ATF6?IRE1-
XBP1??????; ??HBx????UPR
?????, ?????HBV??????
?, ???HBV????????????, 
??????HCC???. 
3.1 HBx??ER????? HBV?????
??, HBx??????UPR??????
HBV??????????[43]. ?HBx??
???Hep3B???, XBP-1 mRNA???
?XBP1(XBP1s), ??ATF6??, ??HepG2
???HepG2.2.15?????????, ?
?HBx?????ATF6?IRE1-XBP1??, 
????E R?????????????
???????. ????, ???, HBx?
???????????????, ???
??C(protein kinase C, PKC)??????
(JAK/STAT)?NF-B??????(inhibitor of 
nuclear factor kappa-B kinase, IKK)?????
?3??(phosphoinositide 3-kinase, P3K)???
???B(PKB/AKT)[44]. ???????HBx
???????????????ER???
???IRE1??????, ??IRE1-XBP1?
?. ????, HBx????????????
(bZIP)?????, ???????2(activated 
transcription factor 2, ATF2)?ATF3?cAMP
????????(cAMP response element 
binding protein, CREB)?????, ??HBx?
????bZIP???ATF6?XBP1?????
???????. ??, HBx????ER??
??(ATF6?XBP1)??, ????HBV???
????, ???HBV??????HCC??
???????. 
HBV???Ca2+?ER?????ER??
??. ????, HBx??CREB??????
??Ca2+????, CREB????/????
????2A(protein phosphatase 2A, PP2A)?
?C??(PP2Ac)????????CRE??
??????????, ??PP2Ac????
???????, ????????????
???????????????, ?HBx?
?ER????PP2A???HBV??????
??????[45]. HBV?HBx??ER????
?????????????H(cyclic-AMP-
responsive-element-binding protein H, CREBH), 
?CREBH???, ????????ER?
????4-????(4-phenyl butyric acid, 
4-PBA)???, ??CREBH?HBx????
???????ER????[46]. 
3.2 HBx??ER???????? HBV?
???????????????????
HCC???[47]. ??HBx?ER???????
??, ?????UPR?????, ????
HBV??HCC??????????. COX-2
??????????????, ????
???????????????????
???????. COX-2?????????
????, ??COX-2??????????
???????, ????????????
??. ???????HBx?COX-2?HBV?
???? ?? ?????????????????
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????????????HCC?????
??????[48], ??ER???COX-2???
???????????????. ????
HBx??????????ER??????
????ATP??, ???ATF4???COX-2
??(PTGS2 )??????????????
COX-2?????, ??HBx???ER???
??????COX-2??????????
???[49]. ??, ???????, HBV?ER
????CREBH????????, HBx??
??CREBH??????????????
?????, ??????????????
HCC??[46]. 
???????ER?????????
???????, ????????????
????ER???????, ???????
??, ?ER???????????????
?. ER?????????????????
??????????????????, ?
????????, ???????????. 
ER??????????????, ????
??????????, ????Caspase??, 
????Bcl-2??????????ER??
?????. ????, HBx?????(Chang/
HBx)?ER?????????Caspase12?
Caspase9, ??Caspase3???????(Ac-
DEVD-CHO)??????????????
????Caspase3???, ??Chang/HBx?
????????, ???????????
HBx??ER??????????????
??????. ??, ??HBx??UPR??
??ER????, ???????????, 
????????[50]. ??, ER??????
Caspase3?????????, ??????
??????ER????????, ????
?HBx????????????????, 
?????????????????. 
??? ?
ER????????????, ?????
???????????????????
????, ???????????ER??
??????, ?????????????
??E R???????????????. 
??, ??HBx?ER??????????, 
?????????????, ??????
???, HBx??????UPR?ER??, ?
????????. ??, ????????
?????HBx??UPR???????ER
???????????????. ????
?????????HBx?????ER??
???HBV???????????HCC?
?????????, ??????????
????HBx??ER???????. ??
???????HBV/HBx????????
????????HBV??HCC?????
?????. 
??????? ???
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